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**yfl»l=**f**>HHfc*Kfc, 

fey. T»a*/W^-yfl»fl!)3*t+1, o, -its 
IB-Tit** #*te0lc*fj£-f5<Iiftt. fat/^t 
•J **©«*«+ 1 **tHHh«- i i=tt*-r««kfc 
1 tfi/J>fit- 1 **« 
«©tt«jWEfi+ « * 3 1= *■ *ff 5 Jt^lS^K t 
f * C t «tt«t-T««Stt««. 

letaaai A**Jttfc2fii©x-$^^ g<ntf 
»L<«bwii»i=aMitTi»*i jwmmmw**.* 
/ w * y m^znm- t . 

%£&Ht. 

6tt*&©tt« *, ireff4K!i**£ * y 

mai *©**tt*^i*/w ■*-yfi#i=jscr**i-e 

a^ffia-TiSijfcsssssi^t, 

H***ElM=**f * * 5 

a t **r § c t tw»:t«tt«n. 
[km 4 ] tnBBftftirat?!*, me i « ©*g*iw 

OT2as*H**£a©MM5#^fciTa:*-/W 
t'Jtwi'V***. **i6©&, **-e, te©2fli 

©Btl:::K*-Cfc«J:3l=U *9fflBUIft-*©**tt 

<fc ? am-* = t t t «m*a 3 ec©«a« 

ML 

[H#«5] JU>*ilfc2*©T*--*«-l*2»ttS 

¥«t, 

«E^y3-yt*y*»**iBJ*4 ftfcflrEm 2 t- 

*fl»fc. WBittCSlMWHMi**©**©-* 
A<A**ih., =© i f»lll***OT2»2 5 s -*«*l=* 

WEteffi£fSmT©ffi;&5fct!iffSl WWBUftftTfrai 

a*©3*tt«MHitasfcw&©**« stMcits 



m*a s i mia3fe^i8¥SJ*> «nam if-?ft 
««3smL<«tt*«s^(=assu-ci»*i»©s*i 

»«txa:T/W+yfll«tKi|-r*«F**lft¥*fc, 
Jfc£&35t. 

itiKSSt»*»6a*4*ifc«3Sait*2 0t»ttU eft 

e>ig&ift©te*§£* »E»**wwsi=*y*»**ifc 

MBBBKB*?!*. «tEi»©«*lttaT»tt**© 

HMMWWIB*. 
»©2B©BH=«*-e***5l=U froflrBBlOT 
©g*fil t *JMtl=»J6f « tU 4>tt£B©tttt«ElM:: 

£H#a7] ' OTB^ya-yii« WBW25 t -#fll* 

itiow=itm*m*r. o©b#i>i*. t^d**«oA^ 

maae ] mstttiBH*?-!*. be? y a-yt 
*y«*s*ia***tfc«ifB«2T-*e#t» «tei 

»©«*l»*T*ia*36©5*=lMMt«l=WE!li x 
-*«*fc^©«tt#EBLTl***©T»th**i: 
tWBSMEWBIW-fciiaSIIBi©*^ S 

**l=tt«BB«fr5 *©"*** = t £&«[t Tiff* 

a 5 nm 1 ©bvrtoM=e*©*3B&B. 
[««a9] Balsas t, 

A* 4 ftfc 2 B©?-* 2 LT£j£ LfcSS 1 
x-* ff -»I=B C T. KrCttSAS^ & ©BSB tflB 
BrffilXW:. Hrl22»«SL-CS)SLfc^2 

x-*«*t»**aif *^y a-*t, 

CTBSBBt 4BBBBB** c t * 
IB*ai 0) firfB^ya-^ii, BEB2t'-*« 

*s»i ©ftKtttt******^. ofl&iciiajatfofr 

&1N Bfcttlfr&O^fcfiJKTifcl^BBBM© 

^'ja-y-e*y, itBftffigiS*, bbbb** s> 

fc -T iW*a 9 fB*E©3tei£«g@. 

[**a 1 1 3 m&m 1 a«©ik**«»4# 

> htfSftft©**** y *»H*«fc»«* 5 (=K» L 
fc2ffi©T-^ffi**U3AU mBWll 6 -****!! 

St^l=A*Ti-t$#atTiS*a9XI*1 0(=IB 
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SOftSflNML 

fi&fftfSfc* 5 i=bs LfcmwMrr * = t 
t LfcH#«l 1 l=SE«©ifci£{Ig«. 

1 3 ] ire****?*!*., y *- k t r 
wifc**-r* = fc*w»i: Lfciwtai i tztmox 

w**i 4) airE«B*a*?©'W7x*, «* 

-< > h*t3ft£0(t>ft«* y ««tdE«ll=*«J: 5 i=we 
riCfcWtfr S»*^97b5l 3 ©1^*1*1=158 
OftHNHt. 

[■HWM 5 3 tt»*S£. 

-©is*©aatti=tt«*x i^2^h 
num. 

a»ai7] m&nt«*£j*iaHi. mill 

#©t-*1PM:*CT, treff--©«*©ii3£&K:tt 
«*jr**feC**, idB2»ttLTitfc*9-*©T- 

*©«B»ai=tt*»jt*ftc**, imB2-3©tt«xii 

i=e*©*&ffim. 

m*«i si ^ie^3s^&ai**^ 
«tt^e«**irr««**ii*?J:e*u Man 

LTAa-fa^sfcffiS*., ^*4*ifc«rE-?»3.*/t-ft- 

[MHh 93 A***!.*^*©*-******* 

»3ia8i6^6ta**4i6}ttaiaEfc, mBT*a*/<<fT-y 

ft#l=J:??«SKll&*tftt41*Pe*jU Ta.*/< 
-f±y<a^©3ffi£+1 s 0. * 

*ttoic#i&-r««ttj:. ?a.4vtfr- •;«*©•*« 

+ 1 Jb\fctf*>hffi-l iztflfc-rSflXfcOT&U fro 



l=*W «tt8&©tttt*t£1E 

C«*S2 03 A***i.fc2«®T--*fl»*, MI 
*«* L<MfctfZlM=«IELTl** 1 aaMMfefc^i 

«£»©&«*, lwai ^Mwsfat/wt'Jii 

1*1 #©fi*ttt4=F*tt*ft*i:iM=*SM-*J:9l:* 
5 = ttttt&f «3te£fl»ft. 

[a*S2i3 xtoztitzzmT-* molten®. 

*4u z©2»ttl=*y#lttSjh.fc5*©-»©T-$» 
ffi^-efcSS&i l»if-« 

»*©5 s ~*«*Tf**«2T-*flH»*»A**4u SS 

tt**#tfc«B«25 , -*«*=J6i:T» ttiBlttafl 

U 

Ktt«kn«)h.fettA«&. imi »©**»&?»* 

A3fc©5%ttte£IiSf£a*£l**©ife£, ZIM=«* 

r 5 <fc ? i=«a*«r* - 1 swat* -bssmbsj*. 

[ffi*3 2 2 3 A* Sftfc 2 fit©^-* 2 
■BtttMttBU 

WIS 2 »tt LT£j* LfcSf? 2 x-* U 
w©IW*fc4!fcfc»2*--*fl»l=«;CT, 

i:lir=»2'3©lt*fl»*l*l=»l*» *tihZ&*<m 
2«lx-*<g#£Aau ttB2-?©tt««IHF^© 

ML. 

c©issK^ntt, xi^/W^-y^^kii^^si^ 
aa*tejfe«i*ffl^riie4#«t©-efey. mmvim 

[«n©PNI«CM] 

[0001] 

I£IB©S-f SftflTfl-i?3 #I=S#^©*7 
100023 
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[&&©&«] ^B©5fe7 7"f/^)l«i/XxAT*tt, m 

y. 4 6l=«ft*«*Jll»rMoa*4«fi**5*i*l= 

*fljaS»8t (GVD: Group Velocity Dispersion) 

$fS&£ (SPM:Self Phase Modulation effect) 
fcfc*-3T9l*lB::*\ SPIHfiVD*AftJ:i*l*4l«Sfcl= 
* 5 fc^*A<£& B a B «©±&&fc£ST-fe*. 

[0003] avDfci4*77-f/<«ifrr*aa*«a* 
a-cits BVD*fcs*tt»iiM«ii*i=j:'y«flWiiifc 

tt-srt***. 5MBt*MHSTtt3XHtiP*ffl<fc»« 

GVD(D^gssiti= < iiftM*©Wttffttfc)ii.T n 
«. -«=, m** J ? h*«w*t^BifavD©i»tt 
ix©t», «««tt«K*ft a r « c fct * y 

1 oc*ra*/Wty Mittt 
(**E6l=±S#IBH0B-139681#©«^ K. 
Fukuchi et el., OFC '97 Technical Digest, ThH3, 
1997fcif) T3.*/W^'J(duobInary)«*l*, /<- 
n,\*Z.i&>*. (partial responce) {=#© 1 Ol=#S 

BS<*6*<»6*im. *a*/W ■*-•;«** 3 
<v *©«**■* JBl»T, +1, 0, — 1 , ©3#8S 

r=«y»r*. =c-coi**sMtt«o-c ± 

1 littSttl e***©ttSiraiM=K«LTO**»* 

[0004] -#©tttt«ibSB-vft«sniafii««ai 

IcflMnSfeftSlft-Vfty. ttoT!lU*ia»Wci*** 

a**©***. 3itTa*/<-f^-yfli#*flnwHi*e 
itjwu*. a«©!iamii«&*tt«<. spmi*«ie 

*«lt«*4**t». 5£S£«©£S3?££i&l*$lL 

ru*5is^, svDtft^frSor, spM-GVD3as$s 
c-r. 

[0 0 0 5] SMtfflfrr «*«**© 1 Ofc LT» fi 

i-**©«H*«i=i«i**imi-c*3Wc*y, 

3fe©5i^a*&«IA<®f=-St?&5fc6. SP««ftCI=< 



**JB^fc2*^-fJ?**SiflHtB©«*©flMEaifil= 
[0 0 0 6] S9S©SPM-GVD^lStl*. 3fe:?:7-f 

* tzGVDi= mmmh-t vmxzsHtifiSE. c *<t * » 
gtassi*. »ictsi:'cspM*<±i:«i. 

a»£#tfc*fc»;efc*. *eu ioootettJb©ssit 

©3fe7r-f/<e2l*>XTATJI*. C©SP«+GVD3aSA^ 
[0007] 

y »«= J: *a»»**»*<ct^«i**«-c 

**tSPIII=«L-Ctt»*tf&<» -73. ttS©«St*II 
7j5tI±SPMj!><£ UZ < L^f£lt*fl|-e***«, BVDI=*t L 
Ttt*b*#*l*fc»» SMM^JU::J:«ffi£IUM=tt 

[0 0 0 8] *S&K©iKJi*. H*©ftBr«9»»«43« 
Cfcl= J: y, SPM+GVDS!imJcJ:-5c^ 
*"Wa«UU***r*f (Xiltltlttt -5 -tic 

[0009] 

fi?&-fsfc#>» A.aiih.fca*©?— *fl»*xa*/t 
•f^y«*=*«r*»*ftifc*iRfc, iffiiaiBi. c 

©*SS^&ttft«ftt«ai*l::* Ta*/W*y« 
*&*??«ttKH&J:tMMS*ire«X.«t©-Cfc 

y» fi*/w+';t#o3«6+i, o, -itais 

nt?, 4>*tt0l::#S-J-«1|gj:. fat/Wt'J 

<i# ©s*fit+ 1 fc«fctf&>Ms- 1 ts*i6-r$«s£*t 

«*U 1 fc*/Mt- 1 EttJtortllS* 

©&«*<££•* s * a ic&n £fi 5 «Mms ^ **r 
s z t *wfctf ««a««uttfff 

©x-*ti#£* Hi«t«L<«be((a:iM=ttiELTi« 
5 1 st©«*ttft5»a*/w^-y«*i=i3ftr*fw* 

zkss&z-otznmu n«i&«HUK©tt«*. 

W=J:VMft»4ife1 »©«ffi«4Ta*/W^-ye 

©ffiffiw^T^a^^^as^-rssiS^iiig^i:, zo 

«©•?-$ 2 fl-SSi*;^ C©2»*l=*y»*4 
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*i=**i.riii*-r**Mi*«i:» m-no^-^m^ 

9**Sfttt*4:h.fc»2T*-*«*i:» l*t©lS*i&tt 
<D 5 ttlttOX*. EIM=*BW* 

t -t ««is«ttKft « i= «fc o x « «?&f 

*fc, WHMJ:. Aa£4ifc2fit© 

x-*<i^£2#i£Lr£j*Lf=&i **-*«*=* i: 

r. *K3l5S3i^e,©«Sl5R$<ijR3Eiia-r-5«5-K3EiSfl ; f 

ai*«*i=*i:rtt*»f*tt«M**i:**i-« 

£Jg-t$&-©2o©Bail3ft;frfil=#H\ 

2-D0(4ffiSEil*^^«)ffi»fi#*± 

Tt«Kfc-r*ci:a8«ffl**. *fc. JKili&jgfc. c©« 

*«Ml*MMt#fc Lr A****R*«JU A*£ 

sar*ftf= * or **bw * c 

[0 0 10] **WCI*i f a*/<-f^y«llW0 3« 

ftofliXMltn^r. +i, p. -i, osmiz 
«ysr«Mi**ftJsit«. cftbstts-taatt* 

4l*1-C***», ±lH*©tt*iWEtM=fi«Lri** 

ttA. p»«**»±i®«»ti*«»ur^*««t* 

+. g«&ri*Cft£ft*©«gPi:Iimiz, fljiltf 

«*if-Ax^y »*ftiftH^r«ia»mfci=a«-r 

[0011] C©£18«^3fel*. tW*37^/<*« 

e***iri»*«. »«^BE«4*iri»*fc»BVDi=* 

[ooi2] *»wi=tet>r r~jserj ti± s 
#1*1*. M:««*««. *&BJ!£fll&-f 5±r*F&fc% 

§i#js 4 taster r«iwftf a t/^ 
*-y«*ci6cr**i*<iJ6fc4*j ti*. mla * 



««t*#* = fc*#fc. Sfc* 11*515. 5. 1 21= 
fcurtt**.tt» ritilLfctt«MII**lt*j 

Mrcfcy. man 4Kj3i»r» rjtflLfeflHfcBK 

[ooi3]Sfe. r+ifeffij tii, r+i, 
o, -u ©«£ roj rfey, m<r>2m.ji r+ 
u <t r-u -efe5„ ro, + i, +2j ©ii 
*i=ii. r^ftflij at r+i j -efcy, ria©2fiij a* 

roj t r +2 j rfcS. 

loon] ffe. rgftKH*?j urtt* «* 

[0 015] *fc, Ta.*/W±y*3fClfc 3MM0t 
L < ttCMi:£ltt«W)IMBI-et y . »l=f» 

«yfl>«**i»cfc»i=. a««fcr*»***a*fx 

5 ? "J a — r < > ? (precod i ng) tfi&^r ft 5 E £ 1* . 

rt«. 

[001 6] 

awuaaumm bit, *&i£©3g%©&flg£Biii 
(=»-s^riwii=R«-r*. 

(«10JUI0KS> 01 I*. gft$34gBtt©%93$ig 

nrssiasatoKSottftB-cfts. *nii©^«i 

I*. 1v *>i ?*NI* -f 7"©T x>5f-T^fh 
HSMl*P»*«t>fc*5 , a*^'f y Sd8**sa* 
*£urk*«. ft*©3teTa*/<-f^-ysissgajzi3t^ 
ri*. z F^H-r^wtft&n^2o© ; F^iii*5te©7 
ft-*ta»*«*tur«fflu» ssiffla©T^aj*3tit 
«Hk**r^fc. *SH6©»ffi-ei**«*-a:ri>fcUA 
jfe^^^oosiaies-a-fcmsss^fiB-rscticj: y. 

[ooi 7] i.G6«frireMLri««l>«(ku— tf3t 

w y *to%mkmm*ms LtztfUv 

)\, (push-put I) Mb* -T ^©^ y/W i >*- (Mach-Zeh 

ndBr)T*ttai»03SMaawi3ot»4»4i*. -© 

«W3 0-?. AA*tt*rY5H*4 0-e2»»*4v, 
**l6tttt«SEIH»*2/3^4 1 f 4 2tfa^t 
»iW«2B, 2 6l=«Crf-ih.^tt«iKllfttt 

y. *©«, 3dB»^7 4 3-e«a»<i« =F^iU*3fe5 

0, Bit**,, £HH30J£.. ^*t6$1 O©LiNb03 
^LfctWtfftS. 

[0 0 18] A*4*i*:TV5>*;UT , -*mM»2 2 
I*. H31SSS1 1 a-Eilgg^k ^ya-*7 

(»*K«*R) r^ya-K**if=©%. 2»tt$*i 
r. -*tt"C"©**««aSSt» (LPF:Low Pass Fi Ite 
r) 1 2tAai<ltfa*/Wt'JW26tft«. 
* 5 -£l*ai3IK3SS (NOT) rlta^S6*^fc©^LPF 
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1 3l=A*4*ir^ii-/W^y«*2 6t«t*. 7'J 
a-$r7©Affl*©||W*«ifc, @3&1SSJ*©-0!I£ 

[00 19] 

[Si 3 

0 0 



0 1 



1 0 



[0 0 2 0]LPF12, 131=1*, fc*y hU-h©®1 

>MLPF*ffi^Tt>S. CC-C^'Ja-^ytLPFI 2 

•) t (1, D SE*»fcLT«t<»6*tfc4,«>-efey, 
3fc©fc^£&£ *t5 *.©T?fcS. 
[0 02 1] JUMreJMV: a i 
*ya-4Ttt*WHMi : b I = a I (Ex~0R)b 1-1 

(ex-or : mfemmm 

(1,1) ftlMUftft*** : c ! = b I + b I +1 

[0022] zti* tzttm* ftJHUMMtft ft 

y, =:=^i*saftSiPi**sst$. ^ssssi i b 

iLPFI 3(D«BV±Aii|l««2 6H«f 2 501 

**IV6«. r:J-n$rflWC**fl»2 5 
i*»©*flS*«<J5**i*«**fc©, C©<fc5ft«S& 
■CifertLTH*. £fcE3sS&1 1 liMtfNMHtUftfll 

*T * * IM: fc tt* 9 *"C * ft l\ 
[0 0 2 3] KM3 0-CJBLi«?yi':L?*Vttfc 

*«-W>3o»aflHI«*i^ii+i, o, -ifc«B 
LfcB#©, **l6 3ttt»J6-r*2 0«T»ffl*«5 
O, 5 1®tttt*B*L-Clt«. xa.^-/W^-y*#2 
5, 26©jlfifc*-f Z>?£®7L. DC/W7*27£ 
■«l=K3e-r* = 4:l=J:y, c©Hfcfc«tt&©KIW 
frfcfi*. m»*ffll±TJW©2 0©jlfcBW»&©B** 

t«u «i&©*j*** h^-rft^*T»ai**** 

*y ■#©»#»!= 1 ■C**2O0 s FJpa»*3bWB»* 
ft£o =ceT»ffl**5 0fcT»ffl**5 1«>|ll©* 
&Wftte*@gl4, flMMb©fcft*S«LTl*.&. 
[0 0 2 4] ^&^fctbA3t5 0tta*3t5 1<05^iT 

XhU «3te-AX7'Jv* (PBS:Polarlzatlon Bea 
m Splitter) 1 0 «Htftjft¥JK) l=»l»t*»#JW 



sett**. *i=at&«t-£®*pflre5 5«tft&*i 
ttftivft M©Rt»^XKfejft#*ft£L?, jfex 

a.*/** * »J « 81 y ffi-T©-^ IMttft 

[0025] c©«j£-e5 ah/t-e%M£fti\ -is p 

s/nin/km©GVD$^-r5it7r'f At-t©tbJ=40 kmftl:: 
eS^^fcJfelSiieilt. 240 kn#f=IS®<**lfc&20 km 
£©+17 ps/ m /kra©GVD^-rS»mffiffiffl3t7 7'f/« 

T-1.5 ps/nrn/kmi^5*S©GVD«*-r*eSI»*ffllx 

«a*it, avD*«*±i=ofcft*i:. 

ft* ✓ <f X* fc «^3fe*t 4 *ttSfttt*£ £, £5£tt1£ 

suEsa-ctts, ooo km. *Ta*/<-r^-y* 

M£J:ifl&®fiJft*ll|-efr«tt5, 000 km£, -£{=SPH 
•WD**l=J:yfiaUBll*«illl4*lTtvfc*t, **3ttf 

ittts, ooo urcfiaNiunfcWMttfc. #fta&© 
!*8£©£&14*<iliB*;h.fc. 

[0026] (ft 2 ©«£©»«) ft 1 ©Hffi©fl2J§fC 
ft*»«3«B*#ft©-C»1lk»*JsaLl\ tLC*6 
^frftfcftifctt, SPM«VDttXK*tr tHAtf* 9 JHft 

S2©S»©»«6-ei*, c©<t#©# 

Htt&a*l*±Sl*'5fc©l::» ft©*3ftttffiKH«fT 
[0 0 2 7] H2I4, H*^5^SH*3S8S«©HM 

*»pt«»2©si6©»«i©airiEH-efcy, nitn 
-©«$*©**«e*-aMr*LTi**. 

[0 0 2 8] AA**tfcT-fi?5t;H s -ji*9HI#2 2 
I*, *T, 2#tt**i, ftiT-*fi#fc, S2t-$ 

[0 0 2 9] ft 1 f f -*fi<WJ*a«WB:l:A k *S*w 
3fcll#5 0, 5 1 £©lc&£ifi£ 0 ftSflKRR 

l*ft-©)tlt®9ttf=ff fc H-«fiE© t © 

-e**. M45nw«tMfi stay, pbsi 

ttttftl=Aft«*2 2 fcHft*©l|»|]*t9&ti« £9 
tc, DC/W7X2 7 6BBLtl*i, B*, ##7 a 14 

^ya-y-e&So 

[0 0 3 0] »2f-$E§lfc ^ya-y7bfcWB 

gi 4fceftLTttttKn*?i 5izA*s*i5o *y 
a— 5f7bi*. * 2*-* u 
4j=astt-r*. •ffifiSEis^i si*, »^S2f-$ 
Kiim#©$-f 5v4?i4, ^fssi 

4$fflt>-C3fe<S#5 1 ©9IKM®» -f 5 0. 

5tf»y hgs-t**ai=, -rftfet. *sftjc«to©ev 

Was h©*ftt?fite*<S6-r5J:?l3P^*^-i,. 
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[0031] *mMo>T&m<Dmf$.*mo&&t°ftz>k. 

HaiOXlK (K.Fukuohi et al., OFC '97 Technical D 
igest, ThH3, 1997) I=IB8S*IT 1*5. ffi&t&t&c! 

[oo3 2] c©^tf*i©«k©»tt£R*©s3!i 
ftjfc^*/W 1- y sfeafe* «fc v«E*©«aaEH-e tM 

5, oooknilcftjlE^ftr^fc*©**. **a-Clii^7, ooo 

ioi*-efi»^rttrauittts«4u sg2©§iJ6©»fii© 

[0033] (*3©»k©bii) is a. n*«9~ 
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(54) OPTICAL TRANSMITTER AND OPTICAL TRANSMISSION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical communication device breaking down a 
transmission limit until usual by an SPM-GVD effect by giving a carrier wave outputted from a 
carrier wave source polarization modulation and phase modulation with a duo-binary signal. 
SOLUTION: Light outgoing from a semiconductor laser light source (carrier wave source) 1 is led 
to a push-pull drive type Mach-Zchender interferometer type LiNb 03 intensity modulator 30 
while keeping its linear polarization state by a polarization hold optical fiber. The input light is 
bisected by a Y branch 40 first in this modulator 30, and are phase modulated according to duo- 
binary electric signals 25, 26 in phase modulation sections 41, 42. Thereafter, they are 
multiplexed by a 3db coupler 43 to become interference output light 50, 51. When three . 

amplitude values of the duo-binary electric signals without containing a DC component are ^ / „ ' ■] /;« 

defined +1, 0, -1 respectively, the amplitude and the timing of the duo-binary electric signals 25, " * ' 
26 are arranged, and a DC bias 27 is set suitably, and then, answering modulation is performed. 
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